INTRODUCTION
Gene therapy, a promising therapeutic option for the treatment of genetic or acquired diseases, is based on the ability to introduce new genetic materials to hosts. A major obstacle to gene transfer is the fact that naked nucleic acids are not taken up by cells efficiently due to the negatively charged phosphate groups and to their large size and hydrophilic nature. Moreover, they easily undergo to nuclease-mediated degradation. To overcome this limitations a number of gene delivery vectors have been developed all falling into two categories, viral and non-viral.
Micro-and nanobubbles might be a good non-viral strategy for site specific gene delivery, due to the potential to be activated in the presence of ultrasound (US) for a targeted delivery of DNA.
Microbubbles are spherical core/shell vescicles filled by a gas (Fig.1) . The core is a single chamber of low density and comprises a large majority of the total particle volume. Perfluorocarbons, sulfur hexafluoride, air, carbon dioxide have been used as gas core. The shell acts as a barrier between the encapsulated gas and the surrounding aqueous medium avoiding the gas dissipation. Various shells with different thickness can be obtained according to the component used, including lipids (~3 nm thick), proteins (15-20 nm thick) and polymers (100-200 nm thick) (Sirsi et al. 2009 ). The composition of the shell determines the stiffness of the bubbles, their resistance to rupture in the ultrasound pressure field, and the ease with which they are recognized and cleared by the reticuloendothelial system. The presence of a surfactant layer can increase the half-life of the bubble by decreasing the gas/water interfacial tension, in some instances, to near-zero values. Microbubbles are under investigation for therapeutic applications, but currently they are used as injectable contrast agents for US imaging because they can interact with US waves. Due to the presence of a central gas core, microbubbles suspended in a liquid are exceptionally efficient US reflectors. After the injection of aqueous suspensions of gas microbubbles into the bloodstream a strongly reinforced ultrasonic echography imaging occurred, thus aiding in the visualization of internal organs as for the detection of cardiovascular disorders and other diseases (Tilcock 1999 , Lindner et al. 2000a , Lindner et al. 2000b , Lindner et al. 2000c , Cavalieri et al. 2006 , Paradossi 2012 ). Due to their structure microbubbles are able to oscillate in the US pressure with the expansion and contraction of their volume. This phenomenon is called acoustic cavitation.
Microbubbles used for clinical imaging are typically between about 1 and 10 µm in diameter (the upper limit for passage through the lung capillaries), sizes that limit their extravasation from the bloodstream. Generally, the diameter of a microbubble is approximately equal to the size of a red blood cell, which allows it to display similar rheology in the microvessels and capillaries throughout the body after intravenous administration.
Recently, drug and gene delivery with micro-and nanobubble systems in the presence of US is gaining more attention in the nanomedicine field as this technique presents several advantages including non invasiveness, local applicability, and proven safety (Suzuki 2012) . US itself can improve the delivery of DNA but a carrier is needed to increase the amount available for cell uptake, to protect genes from degradations and to obtain a targeted release.
US can play various roles in the presence of bubbles. Microbubbles can be injected upstream of a target region. When US is precisely focused on the target tissue, then the ultrasonic intensity can be increased to create bubble collapse cavitation. The collapse events appear to permeabilize the vessel walls and provide pathways for extravasations of DNA that can be either freely floating along with the microbubbles or associated with the microbubble surface.
Targeted gene-loaded microbubbles can be designed modifying their surface with targeting ligands with the aim to collapse under US releasing DNA in specific cells and protecting other tissues from side effects. An additional advantage of this US-targeted strategy is the possibility to visualize the delivery and release of the loaded compound with real-time US (ad un lettore non esperto come me questa frase non dice molto: che cos'è la real time US?). This review is focused on the design of bubbles and reports case studies on microbubbles as well as on systems with nanometric sizes.
Development of bubble formulations: theoretical aspects.
There are a wide variety of microbubble systems reported in the literature. Nanotechnological approaches can be used to prepare stable systems, but it is necessary to examine peculiar parameters to stabilize the carrier and the DNA loaded Microbubbles can promote gene delivery into cells because they are able to increase cell membrane permeability in the presence of US using suitable conditions, that must be selected to avoid cell suffering. In general, cell damage is dependent on various parameters, i.e. US intensity, concentration of microbubbles and cell type; especially, US intensity and exposure time are key factors. Therefore, it is important to optimize the condition of US exposure in US-mediated gene delivery (Feril et al. 2006 , Suzuki et al. 2008 ,Pislaru et al. 2003 , Li et al. 2003 . Low and intermediate acoustic pressure resulted in linear and non-linear oscillations of microbubbles, respectively, whereas high pressure US (MI >1.0) caused forced expansion and compression of microbubbles, leading to bubble destruction and to increase of cell membrane permeation. Therefore, microbubble acoustic cavitation can be used as a trigger to release DNA in the tissues exposed to US (Figure 2) . Figure 2 illustrates a microbubbles carrying an active molecules once administered into the vasculature before and after US application to destroy microbubbles in the target region on the endothelial cells, (because microbubbles are not able to extravasate for their micrometer sizes-gia detto, forse è utile ricordarlo nella legenda della figura per non appesantire questa frase) Un'altra possibilità e usare tutta questa frase come legenda alla figura 2 e richiamare la figura nella frase precedente (Bekeredjian et al. 2005) . The acoustic cavitation of microbubbles, also called sonoporation, is one of the most important mechanisms to explain the increase on cell permeability. Generally, US applied to fluid causes cavitation, i.e. the creation, vibration and collapse of small gas-filled bubbles by the ultrasound beam. US alone may increase cell permeabilization on its own, but the addition persistent (???) microbubbles have an additional effect in increasing cell permeability. First, by acting as cavitation nuclei, microbubbles can lower the threshold of the acoustic power needed for cavitation. Then the destruction of microbubbles may cause high-energy microstreams or microjets, that will cause shear stress on the cell membrane enhancing cell uptake, probably due to transient holes. This phenomenon has been deeply studied as a way to mediate the transfer of different molecules (Tlaxca et al. 2010 , Bao et al. 1997 , Greenleaf et al. 1998 , Guzman et al. 2001a , Kim et al. 1996 , Tata et al. 1997 . Sonoporation has been shown to enhance the intracellular delivery of small molecules, macromolecules (Guzmán et al. 2001b , Guzmán et al. 2002 ,Karshafian et al. 2009 , Miller et al. 1999 , (Yu et al. 2006 ) and genetic materials (Bao et al. 1997) . ineserire new ref. ). Lawrie et al. (2003) showed that transfection was not related to free radical production from collapse cavitation, but it is mainly related to transient holes in the cell membrane produced by other cavitation phenomena.
Another interesting aspect to take into account is the rise in temperature in tissue after the application of high pressure US. Particularly, the bubble collapse can create high velocity jet streams that may cause a local and transient increase in temperature affecting the membrane permeability. The temperature increase can also affect the microbubble structure; Paradossi designed temperature sensitive microbubbles using cross-linked NIPAM (Capece et al, 2013) . The commercial US contrast agent Sonovue ® changed microbubble sizes in dependence of temperature (Guiot et al. 2006) . Endocytosis or phagocytosis, active membrane transport mechanisms, may also be involved in the uptake of whole bubble, bubble fragments or substances entrapped in microbubble structure..
Finally, lipid-based microbubbles could facilitate the deposition of genes in a cell is the fusion with the phospholipid bilayer of a cell membrane (frase non chiara!). This could result in delivery of the cargo of the microbubble directly into the cytoplasm of the cell with the possibility of further uptake in endosomes or delivery into the cell nucleus (Dijkmans et al. 2004 ).
Schemes of the hypothesized mechanisms for enhanced delivery using microbubbles and US are reported in Figure 3 . An important parameter to be considered in order to develop stable bubble systems is the Laplace pressure, which can govern the dissolution rate of the microbubbles in vivo. The gas pressure within a bubble is the sum of the equilibrium pressure, the Laplace pressure and the blood pressure.
The Laplace pressure is the pressure difference between the inside and the outside of a bubble (or a droplet) in a bloodstream. (Schutt et al., 2003) The Laplace pressure is given as 2σ ∆P= P inside -P outside = ____ r where P inside and P outside are the pressures inside and outside a bubble respectively, σ is the interfacial tension, and r is bubble radius. A surfactant layer on the surface of the bubbles can reduce the interfacial tension and decrease the Lapalce pressure.
As the Laplace pressure is reversely related to the size according to the equation, smaller bubbles will have higher pressure values than larger ones. When the inner gas leaves the core, the bubbles shrink and the Lapalce pressure increases thereby accelerating the rate of gas dissipation and the resulting bubble shrinkage until the system rupture. The microbubble formulations can be stabilized by reducing the dissolution of the gas in the bloodstream. This can be obtained using a gas with a very poor aqueous solubility for the bubble core. For examples the encapsulation of appropriate perfluorocarbons which are gases not soluble in water can increase the lifetime of bubble systems.
Van liew and Kabanov studied the kinetics of dissolution of microbubbles containing a sparingly soluble gas ( van Liew et al., J. Applied Physiol, 1995; Kabanov, Ultrasound in Biol and Medic, 1998 ) Questa frase suona isolata: andrebbe legata meglio.
A recent strategy to obtain stable bubble systems is to develop nanoemulsions containing perfluorocarbons that can convert in bubbles in the presence of US. The phenomenon called Acoustic Droplet Vaporization (ADV) allows nanodroplets to be converted in larger bubbles by the pulse of US, permitting the liquid to gas transition in the core. (klipfgang, 2000) . If formulated properly, prefluorocarbons emulsions can remain stable systems also at temperatures (i.e. 37 °C)
higher that the ones of their normal boiling points. Such meta-stability is due to the high droplet curved interface that can raise the internal pressure within emulsion droplets. Consequently, perfluoropentane (bp=29 °C) can be used to prepare stable nanoemulsion at body temperature.
When insonated the perfluoropentane nanodroplets change the internal phase from liquid to gas and can be used to trigger the release of the loaded genes.
A further factor to consider for bubble stability is that the exposure to intense energy of US can lead to rapid bubble destruction by cavitation due to their rapid contraction and expansion at resonance mechanical stresses and weakens the bubble shell (il finale di questa frase non è chiaro). Therefore, the shell components affect markedly the bubble stability. The shell composition should be designed in order to obtain systems with a prolonged shelflife. An additional strategy to produce more stable system is the cross-linking of the bubble shell. The shells of the bubbles can be also modified for targeting purposes.
Shells incorporating positively charged lipids or polyelectrolytes are the more suitable to take up genetic materials why? È il posto giusto per questa frase? Va contestualizzata meglio?
Microbubbles as gene delivery systems
In recent times the popularity of insonated-microbubbles technique has increased for the versatility of the application and ease of the use.
The effect of US on cell permeability and and their capacity to facilitate the entry of naked DNA in the cells was described in the last decades (Fechheimer, 1987) . The first studies used a US frequency in the range of 20-50 kHz. These frequencies, with cavitation, are able to induce tissue damages (Miller et al, 2002; Wei et al, 2004) . To overcome this limitation, the delivery of genes using US applied for clinical imaging, which operates at frequencies between 1 and 3 MHz, have been deeply investigated. Consequently, the addition of the clinical contrast agents was examined.
It was shown that the combination of US and microbubbles used as echo contrast agents increased the transfection efficiency of naked DNA (Shohetet al 2000). Indeed, this approach can directly transfer genes in the cell cytosol as proved by various researches. ( capitolo di libro).
Subsequently, to improve the delivery and to localize the transfection different bubble systems loaded with DNA have been designed. Indeed. the main advantage of US-mediated microbubbleassisted transfection is the ability to achieve DNA delivery and expression only in the insonated areas and not in the non-targeted tissues. Particularly targeting ligands can be covalently bound on the bubble shell to promote the attachment of DNA-loaded microbubbles to specific cells..
Two different strategies can be used to vehiculate genes with bubble systems. Commercial microbubbles and DNA can be co-administered and then after the US application naked genes are facilitated to enter into cells ( Figure 4A ). Alternatively, it is possible the adminstration of microbubbles containing DNA within their structure ( Figure 4B ). Much research attention is focused on this strategy, which allowed also the protection of DNA from degradation.
Figure 4 here
A number of technological approaches can be used to associate DNA within microbubble structure.
A schematic representation of the different gene loading strategies is depicted in Figure 5 . DNA could be attached to the external surface of the monolayer bubble by covalent or non-covalent bonds ( Figure 5A ) or it could be incorporated in the shell of a multilayer polymer microbubble, increasing the quantity of DNA vehiculated ( Figure 5B ). Moreover, DNA can be previously incorporated in lipoplexes, polyplexes, liposomes or nanoparticles that can be subsequently associated with the bubble surface using either physical or chemical interactions (BIBLIO) ( Figure   5C ). Plasmid, siRNA, and other anionic payloads can be added on the surface of Targesphere SA by simple incubation. Intracellular delivery is mediated by activation of Targesphere SA with ultrasound energy. Targesphere SA provides targeted cell specific transfection and is a complement to Targesphere, which is organ specific (http://www.targeson.com).
Nanometric systems for gene delivery (forse qui una tabella comparativa tra micro e nano sarebbe utile per riassumere I vantaggi potenziali descritti sotto))
Microbubbles with submicron sizes are defined nanobubbles. The fabrication and initial application of nanobubbles has shown promising results in recent years to increase stability, loading and to achieve the system extravasation. Nanoscale systems were previously designed as contrast agent. (Skinner et al 1990 , Matsumura et al 1986 , Dai et al. 2011 , Yang et al. 2008 . Nanobubbles are generally prepared by sonication of by the formulation of a nanoemulsion.
The latter is used with perfluorocarbons that are liquid at room temperatuire to obtain perfluorocarbon nanodroplets that convert in nanobubbles by ADV. Another interesting preparation approach consists of the use of bubble liposomes to obtain nanobubbles (Bubble liposomesO).
The main challenge in the field of nanobubbles is the identification of formulation strategis to enhance the circulation time of bubbles thus allowing them to reach specific organs. Different Results demonstrate that Pluronic-lipid interactions lead to a marked reduction of bubble size.
The localized gene delivery using nanobubbles and a dual intensity ultrasound systems have been described (Horie et al. 2010) . Polymer shell permit to chemically bind ligands to the bubble surface for active targeting.
In 2011 Lukianova-Hleb proposed plasmonic nanobubbles to obtain selective gene transfection.
Plasmonic nanobubbles are a novel cellular agent with a dual and tunable mechanical and optical action that utilizes the formation of the vapor nanobubble around the plasmonic nanoparticle upon its transient heating with a short laser pulse through the mechanism of plasmon resonance it produces a localized mechanical, non-thermal impact to the cell. Plasmonic nanobubbles provided targeted gene delivery at the single cell level in a single pulse procedure that can be used for safe Recently, acoustic sensitive liposomes encapsulating emulsion, called eLiposomes was developed (2013 JJ-Controlled Rel) . When US are applied to eLiposomes, the perfluorocarbon liquid droplets transform to gas, causing the rupture of the phospholipid bilayer and the release of plasmid.
Conclusions
US applications in medicine provide non invasive, well accepted and cost-effective techniques. The use of US-mediated gene delivery might be a promising tool for future localized therapies. Indeed, the application of US in the presence of micro-and nanobubbles might increase the transfection efficiency, favouring the DNA release on demand. Targeted 
